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Event lists

e[ pnm proc and e[ pn] chai n produce calibrated and concatenated event lists.
Each event is individually time-tagged, and its spatial, energy ... properties are registered
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Browsing an event list I: SAS and FTOOLS

Event lists (as most of the XMM-Newton data) are FITS files, which can be
manipulated with FTOOLS/LHEASOFT, alongside with specific SAS tasks:

e dump FITS files to ASCII:

fdunp infile=file.fits outfile=file.asc colums=- rows=-

e visualise header keywords (attributes):

fkeyprint infile=file.fits keynanFKEYWORD out fi | e=STDOUT

e show the structure of a FITS file:
fstruct Iinfile=file.fits

= sAS [y
Eile Task Custom Style Help

EEDD

task | type | history | description =]
especplot spectral Froduces plots of the net source and background spe
esplinemap  utility Performs a spline fit of the background for EPIC sourc

evlistcomb pipeline Ierges event lists from all CCO/hodes into a single ex

e calculate statistics on the table of a FITS file extension: e Couras deracion v g el e ot ey

ifdurnp <unknown=> =no info file present= J

fstatistic infile=file.fits col name=COLUMN _gfsmn v i

SAS provides a GUI interface to run
these and other LHEASOFT tasks

iflspec pipeline Computes spectrum of background fluctuations for diff
fstatistic <unknown=> =ho info file present=

Ifstruct <unknowns =no info file present=

gtialign pipeline Aligns asynchronous GTI files to frame readout bounc
gtibuild experimental Constructs a GTI table from an ascii description file
gtimerge gti MERGE two or more GTI tables into one

hkauxplot hk Creates a postscript or xterm plot of X Auxilary or
e : - o : _>l_|
@@ cd Mome/mguainazidatarxmiyGO/NGCAIEEMoS B

@@ HOME=/home/mguainaz; export HOME

@@ SAS_MEMORY_MODEL=high; export 45 _MEMORY_MODEL
@@ SAS_ODF-; export SAS_ODF

J@@ SAS VERBUOSITY=0; export SAS_VERBOSITY
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Browsing and event list files Il: “fv”

Event files can be browsed with the GUI LHEASOFT interface f v as well:

fv: WM

Visualise/manipulate

file headers ]
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fv: Summary of MOS.evt in /home/mguainaz/data/xmm/GO/NGC4968/mos/
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SAS specific manipulation tasks (1)

SAS provides also a set of specific tools to manipulate XMM-Newton FITS files, based
on a specific library: the DAL (Data Access Layer).

FTOOLS
addattribute Add an attribute to a dataset f modhead FostScript Changelog
dsaddarray Add an array to a dataset fingereat e Lostscript Changelog
dsaddeolumn Add a column to a table Fostseript Changelog
dsaddecomment Add a comment to an attributable ohject PostScript Changelog
dsaddhistory Add a history record to an attributable chject Fostocript Changel.og
dsaddrows Add a range of rows to a tahle PostScript Changel.og
dsaddtable Add a table to a dataset fcreate FPostScript Changelog
deattr (et attribute values fkeyprint Fostscript Changelog
dsconv Convert columns that contain time stamps or angles to real numbers Fostocript Changel.og
dscopvattr Copy a list of attributes to an attributable ffilecat CFostScript Changelog
dscopvblock Copy a list of blocks to a dataset fextract FostSeript Changelog
dscopveolumn Copy a list of columns to a table faddcol FostScript Changel.og
dscopyrows Copy a range of rows in the given tahle fl ookup Fostocript Changelog
dscp Copy an ohject PostScript Changel.og
dscreatedataset Create a dataset fcreate FostScript Changelog
dsdeletenullvalue  Delete the null value from an array or column PostScript Changelog
dshead ABCTT dump of first part of an ohject fdunp prdata=no FostScript Changelog
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SAS specific manipulation tasks (1)

dsinfo
dsinserttable
dslatts
dslcols

dsls

dsmw
dsnullify
dspurify
dsrelabel

dsrename

dsreplacenulls
dsreshape

dsrm

dsrmattr

dsrmrows
dssetarravelement
dssetattr
dssetcolumnelement

dssetdata
dssetlabel
dssetnullvalue
dssetunits
dsstats
dsstruct

dstail
dstranstype
dsvalidate

dsverify

Eetrieve information from ohject

Insert one table {(source) into another {destination)
List the attributes in the given attributable chjects
List the columns in the given tables and/or or datasets
List the datasets in the given directory

Mlowve an object

Set all data elements in an ohject to null

Furify adataset

ERelabel an chject

Eename an ohject

Eeplace the null values in an ohject with a new value
Eeshape the dimensions of an array or column
Delete a list of chjects

Delete a list of attributes from an attributable
Eemove a range of rows from a table

Bet the value of an array element

metiddd an attribute

Het the value of a column element

Copy an chject’s data to another ohject

Bet the label of an array, table, column or attribute
Bet the null value of an array or column

met the units of an array, column or attribute
Froduce dataset statistics

Get the structure of a list of datasets

ASCTT durmp of last part of an chject

Convert the datatype of a list of ohjects

Check adataset.

Check a dataset.

FTOOLS

f mer ge

flcol

chi mgtyp, fcollen
fdel...

f nodhead
f del r ow

fpari ng
f rodhead

fpartab

fstatistics

f dunp

fverify

PostScript Changel.og
PostEcript Changel og

FPostScript Changel.og
FPostScript Changel.og
FPostScript Changel.og
PostScript Changel.og
FostScript Changel.og
PostS3cript Changel.og
FostScript Changel.og
FPostScript Changel.og
FPostScript Changel.og
FPostScript Changel.og
PostScript Changel.og
FostScript Changel.og
PostS3cript Changel.og
FostScript Changel.og
PostScript Changel.og
FostScript Changel.og
FPostScript Changel.og
PostScript Changel.og
FostScript Changel.og
PostS3cript Changel.og
FostScript Changel.og
PostScript Changel.og
FostScript Changel.og
FPostScript Changel.og
PostScript Changel.og

FostSeript Changel.og
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The concept of Good Time Intervals (GTI)

One defines Good Time Interval file the set of time intervals where a given scientific
product (e.g.: an event list) is accumulated. EPIC event lists have one GTI extension
for each chip. They play a crucial role in the calculation of the exposure times, or to
remove high particle background phases.

GTlIs can be generated with the SAS task t abgt i gen from HK or scientific light curves.
GTlI files can be subsequently applied to generate of customised scientific hroducts

~|fv: Binary Table of time.gti[1] in /home/mguainaz| © \J
lightcurve.fits File Edit Tools Help
RATE
o T ‘ — tabgtigen S 1 Tor
" — Input \ : :

350 - - tahle |ightCUl"-.-'E.ﬂtS 1 | o.sosznzzeedize«n7] 9. S06302266412E+07 | j|
- | timecolumn | TIME S il 5=
E | Go to: / Edit cell:| |
g 30 1 Output — 1 :
el ] ghiset |early_times_gtifits ;I// GTI file with one

0/ | want only the events <1000 | expression |TIME.LE.5.5063E+07 record, identifying the

- seconds from the start 1 prefraction |0.5 first 1000 seconds of

200 BT — ] postiraction |0.5 the observation

TIME - 95062072.66411692 [s] | = Defaults e
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Manipulating the event list columns

Event list columns can be algebraically manipulated to produce new or to modify

existing columns with the SAS task t abcal c. Examples:

—-| tabcalc |
1. Generation of a column containing the taﬁ*'es EJTSOTSA:-EEVENTS" H
. . collmn
DISTANCE from a given pixel - T
[in the example: (18000, 18000) in sky coordinates] | expression |SORT((x-18000)""2+(¥-18000)"2)
RBun | Defaults | Cancel |
2. Generation of a new TIME column, where times |/ "IF S CRHE S BEEEE o TSR
are expressed as seconds from the observation
start:
2 1 6. 638595408669E+03 0. 000000000000E+00
0 1 1. 14459636553 TE+04 0. 000000000000E+00
0 1 1.700403202185E+04 2. 613056555390E+00
tahles "WOS evtEVENTS" 5 0 1| 1. 745800544647E+04| 2. 613056555300E+00
CD|UTT'II"I T|MEST.&.R 0 1] 5.836981839958E+03 2 613056555390E+00
0 1 1.651707059378E+04 7. 80193952555 7E+00
columntype | realé4 :I' 0 1| 1 e02210738324E+04[ 1.300208248193E+01
EXprESSiDr‘I TIFME-9. 506202266411 1692E+07 0 1| 1.527574633201E+04] 1. 560213899612E+01
4 1 8. 740860107044E+03 2.080213196576E+01
RUH | Defaults | ':B.I"ICE| | 3 1 1. 1060355554 86E+04 2 340216849744E+01
0 1 1.544272806210E+04 2. 340216849744E+01
2 1 8.6187T50373459E+03 2 340216849744E+01

e=esa__, . _...
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selectlib: a selection/manipulation library

All the operations to manipulate tables and columns in an EPIC event lists are driven by
the sel ect | i b library. Examples of the allowed operations:

* boolean: “==","“>" “<=* “||", “&&", “!" ... E.g.: ( CCONR==1) &&( PHA>=300)
e arithmetic/trigonometric: “+”, “abs(x)”, “sin(x)”, “log(x)” ... E.g.: (I og(PI')=0)
e string manipulation: “upper/lower”, “=",“>" *+” *ascii” ... E.g.:"W + ° XMV = W X

« definition of a selection expression as a keyword. E.g.: #Dl STANCE < 128 if a keyword
DI STANCE == SORT( ( X-18000)**2+(Y-18000)**2) exists in ato-be-screened file

* bitwise (BW) operators: “BW AND/OR”, “left/right shift”

* built-in constants: “#PI”, “RAD”, “#E”, “TRUE/FALSE” ... E.g.: PATTERN>#PI
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Region filters function

In order to facilitate the extraction of scientific products in spatial regions, a number
of pre-defined selection regions are available in sel ect | i b:

point (0, g0, Hoolumn .Y ocolumn?
lirne (=0, yd, x1 gyl Hoolumn-Yoolumeo
circle{xCenter . yCenter . radius  Hoolumn, Yool oumm
sector {xCenter.yCenter . fromAngle - tofAngle . Kocolumn,Yocolumn b or
piefxCenter . yCenter  fromAngle  tofngle, Acolumn, Y ocoloumn?
ring{=Center.yCenter..radiusl .radius2 . Koolumn,Yocolumn ) or
arrulus {xCenter . yCenter radivusl . radiuzZ  Hoolumn Y ocolumen
& zllipzei=Center.yCenter . «HalfHidth.yHalfHidth . rotation.Acolumn.Y colomn s
® =]lliptannulus{xCenter,.yCenter . <HalfHidthInner -gyHal fiidthI nner
wHal flidthOuter .gHal fidthOuter .rotationInner .rotationOuter . Xocolumn . Y ocolumn b or
elliptring {=Center .yCenter . xHal FHidthInner .yHal FHidthInner
sHalflidthOuter .gHal fidthOuter .rotationlnner crotationOuter  Aocolumn. ¥ ocolumn )
® pboxixCenter yCenter . xHalfHidth.yHalfHidth.rotation Hoolumn,Yocolumn
rectanglei<Loleft .yLoleft . xUpRight .yUpRight crotation. Hocolunn Y column
® rhombus{=Center .yCenter .xHalflidth . yHal fHidth . rotation,. Bocolumn. ¥ ocolumn y or
diamond{xCenter.yCenter . xHalfhidth.yHalfHidth, rotation Acolumn Y columms
® polysoni=l.yl, =<2,y =3 y3.=xd,yd, ... Hocolunn,Yocolomn s

Example: to select all events within 128 pixels from the sky pixel (18000, 18000):
circle (18000, 18000, 128, X, Y)
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File-based filters

Three file-based filters exist within sel ect 11 b:

o GTI-filter: gti (gti.fits, TIME) selects all the events, whose TIME belongs to at
least on of the GTls defined ingti.fits (assuming that the event list time column is
TI MVE)

 Mask filter: mask(nmask. fits, Xo, Yo, X Y) selects all the events which fall on
a position [ ( X0- X), (Y0-Y)],whose corresponding mask value is non-zero. It can be
applied to sky coordinates positions as well, if the mask contains WCS information

* Region filter: region(region.fits, X Y) selects all the events whose position
(in sky pixels in this case) belongstoregion.fits

..... (111 XMM-Newton Data Analysis Workshop
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IN-operator

A generic operator family exists, which allows expressions in the form:
arith in (...)

Einterval specification Ealternative expression meaning
ltord:lorC:dor iz} true lz = val
‘val or € ocll el == x lval <=z
valror Colilor Lol jwal <= x val < x < +o0 Exam ple-
{val:lor (val:y val < x —oo < & <=wval
_- " rvcalor C:wallor ¢:vall val >= s —oo < x < val Pl I n [ 100 300)
* IN-intervals: ’
C:oolyor (:wvaly val > o lo<==x <= hi iS the Same aS-
lot hior Clo: kil lo <= x aa hi >= x lo<x <=hi
(Pl =>100) &&( Pl <300)
Clot hiy lo <= x ea Al > x lo< z < hi
tloz ki lo < x sa ki > x >=

o IN-GTI: TINE N gti(gti.fits) isthesameasqgti(gti.fits, TINE)

o IN-filter: (X, Y) in circle(18000, 18000, 128) isthe same as
circle (18000, 18000, 128, X, Y)

If you are scared enough, you may ask: do | really need to learn all this
stuff to extract my customised scientific products? The answer is no ... as
it will be shown in the next presentation.
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